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@ This invention provides a process for produc- 
ing a multilayer, flexible photosensitive plate 
comprising (I) applying a first photosensitive 
elastomeric layer to a flexible substrate, (ii) 
curing the first photosensitive elastomeric layer 
by exposure to actinic radiation, and (lii) follow- 
ing this curing, applying a second layer, which 
is at least 0.2 mm tiilck, onto the flrst photosen- 
sitive layer, the second layer comprising a 
photosensitive elastomeric composition having 
no more than 1% by weight ethylenically un- 
saturated copoiymerizable molecules with 
nrK>lecular weights less than 500. This multilayer 
photosensitive plate may be used as a 
flexographic printing plate if imagewise exp- 
osed and developed. These nwltilayer plates are 
particulariy suitable for tiienmal development. 
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Background 

1. Field of the Invention 

The present Invention relates to multilayer flexo- s 

graphic printing plates. 

2. Background of the lnventk>n 

Flexography is a term broadly applicable to a io 
printing format that uses a flexible substrate bearing 
an elastomerk: or rubbery relief printing surface. The 
first flexographic printing plates were produced from 
natural or synthetic rubber composltfons whteh were 
cured chemically under heat and pressure in a mold 15 
utilizing conventional rubber curatives such as mer* 
capto compounds {Flexography: Principies and Prac- 
tices, 3rd Edition, Flexographic Technical Associa- 
tion, p. 158-162). More recently, photopolymer elas- 
tomeric compositions (elastomer containing composi- 20 
tions curable upon exposure to actinic radiation) have 
been used to produce relief printing plates. For exam- 
ple, U.S. Patent 4,1 62,91 9 describes the use of a pho- 
tosensitive composition containing a block copolymer 
as an elastomeric polymeric binder, a compatible 25 
ethylenicaily unsaturated monomer, and a photoini- 
tiator. Similarly, British Patent 1,454,191 describes 
the use of an elastomeric polyurethane based photo- 
sensitive layer. In both cases, the standard solvent 
wash procedure Is used to develop the relief layer af- 30 
ter exposure to acting radiation. European Patent 
261,910 describes an aqueous-developable flexo- 
graphic printing plate. 

U.S. Patents 3,948,665 and 4,162,919 and Brit- 
ish Patent 1,454,191 describe flexographic plates 35 
which, in addition to the relief layer and the substrate, 
contain an elastomeric layer for purposes of adjusting 
hardness. All three patents relate to solvent wash de- 
velopable systems. 

Both the solvent wash and aqueous wash devel- 40 
oping systems are time consuming since drying for 
extended periods (1 to 24 hours) is necessary to re- 
move entrained developer solutton. In additton, these 
developing systems produce potentially toxic by- 
product wastes (both the solvent and any material 45 
carried off by the solvent, such as unreacted ethylen- 
icaily unsaturated monomer) during the development 
process. 

To avoid these problems, a thermal development 
process may be used . 1 n a thermal development proc- so 
ess, the photosensitive layer, whteh has been image- 
wise exposed to actinte radlatk>n, is contacted with an 
absorbent layer at a temperature sufficient to cause 
the composition in the unexposed portions of the pho- 
tosensitive layer to soften or melt and flow into the ab- ss 
sorbent material. See U.S. Patent No. 3,264,103 for 
planographic development and U.S. Patent No. 
5,015,556 for relief development. One drawback to 



this process is the emission of volatiles (such as un- 
reacted monomer) during thermal development. 

An additional processing step that is frequently 
used in producing flexographic printing plates is irra- 
diating the photosensitive, elastomers layer of the 
plate with ultraviolet radiation or e-beams through the 
flexible substrate. This process is described In U.S. 
Patents No. 5,215.859, 4^64.705. 5,015,556. and 
4,927,723. The photosensith^e layer is thereby par- 
tially cured forming a Tloor' which is not removed dur- 
ing development. 

Unfortunately, neither ultraviolet nor e-beam ra- 
diation through the substrate is entirely satisfactory 
for flexographic printing plates produced by thermal 
development. Ultraviolet backflashing is problematk: 
because it is difficult to control the extent and depth 
of cure. A back flash that Is of too short a duration pro- 
vides an insufficient anchor for the relief image, and 
the resulting image may breakoff f rom the base of the 
printing plate. On the other hand, if the backflash is 
maintained too long, the top of the photosensitive lay- 
er begins to cure and becomes too viscous to be de- 
veloped thermally. Slight overcuring Is not a serious 
detriment in solvent or aqueous developing systems 
because generally the solvent or aqueous solution is 
brushed on and that brushing smooths the surface 
and helps ronnove particles still adhering to the inv 
aged plate. However, in thermally developed sys- 
tems, it has been found that UV backflashing does not 
allow for good clean-out of the nonirradlated areas of 
the printing plate. 

The use of electron beam irradiation to set the 
floor provides more consistent results as compared to 
UV radiation. The penetratton of the electron beam 
Into the plate can be precisely controlled by selection 
of the proper accelerating voltage of the electrons. 
The use of electron beam is suffested when relatively 
thin (<1.2 mm) flexographic printing plates are de- 
sired. However, electron beams are impractical for 
producing adequate floors for the frequently desired 
thicker plates (> 1.2 mm) due to the inordinately high 
accelerating voltages required (>300 KeV) to achieve 
adequate penetration depth into the plate. 

Summary of the invention 

This inventton provides a multilayer flexible plate 
suitable for use as a thermally developable flexo- 
graphic printing plate and a process for making that 
plate. 

According to one embodiment, this invention pro- 
vides a process for producing a multilayer, flexible 
photosensitive plate comprising (i) applying a first 
photosensitive elastomeric layer to a flexible sub- 
strate, (ii) curing the first photosensitive elastomeric 
layer by exposure to actinic radiation, and (iii) follow- 
ing this curing, applying a second layer, which is at 
least 0.2 mm thick, onto the first photosensitive layer, 
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the second layer comprising a photosensitive elasto- 
meric composition having no more than 1% by weight 
ethyienicaJly unsaturated copolymerizabie nDolecules 
with molecular weights less than 500. 

In a second embodiment, the Invention is a mul- s 
tilayered, flexible photosensith^e plate comprising 

A) a flexible substrate, 

B) a first photosensitive elastomer layer which 
has been cured by exposure to radiation, and 

C) a second photosensitive elastomeric layer at io 
least 0.2 mm thick having no more than 1% by 
weight ethylenically unsaturated copolymeriz- 
abie molecules with molecular weights less than 
500. 

In yet another embodiment, the invention pro- 15 
vides a process for producing a multilayered flexo- 
graphic printing plate comprising: 

(i) applying a first photosensitive, elastomeric 

layer to a flexible substrate, 

(10 curing the elastomeric composition by expos- 20 
ure to radiation, 

(ill) applying a second layer at least 0.2 mm thick 
onto the first elastomer layer, the second layer 
comprising a photosensitive curable elastomer 
composition having no more than 1% by weight 25 
ethylenically unsaturated copolymerizabie mole- 
cules with molecular weights less than 500, 

(iv) image-wise exposing the second photosensi- 
tive, elastomeric layer to ultraviolet radiation, and 

(v) developing the printing plate by contacting the 30 
image-wise exposed photosensitive elastomeric 
layer with an absorbent material at a temperature 
sufficient to enable unexposed portions of the 
photosensitive layer to flow into the absorbent 
layer. 35 
The invention is also embodied by a flexographic 

printing plate made according to this procedure. The 
flexographic printing plate comprises a substrate, a 
floor layer in which the degree of cure is constant in 
a plane parallel to the substrate, and an image bear- 40 
ing relief layer. The flexographic printing plates of this 
invention have a well defined image and good clean 
out of non-irradiated areas. 
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The process of the present invention comprises 
applying a first layer of a photosensitive, elastomeric 
composition onto a flexible substrate, curing the elas- 
tomeric composition by exposure to actinic radiation, so 
and, following the curing of the first layer, applying a 
second photosensitive elastomeric layer with a low 
content of volatiles onto the cured first layer. The 
compositions of the two photosensitive layers prefer- 
ably may be identical. IHowever, according to some 55 
preferred embodiments the compositions of the two 
photosensitive layers are at least slightly different 
from each other. The photosensitive elastomeric lay- 



ers may be applied by any of the conventtonal meth- 
ods for applying a film layer to a substrate, including 
lamination, knife coating, roller coating, extrusion, 
and the like. 

Curing the first layer allows for a well defined inrv 
age and a smooth floor following imagewise exposure 
and thermal development of the flexographic printing 
plate. Such curing of the first layer before addition of 
the second photosenslth^e layer also facilitates con- 
trol of the floor thickness. Floor thickness may now be 
set merely by changing the thickness of thef Irst layer. 
The thickness of the first layer is preferably at least 
0.2 mm, more preferably In the range from about 0.5 
mm to about 1.5 mm. The second layer preferably is 
at least 0.2 mm thick and more preferably is in the 
range from about 0.4 mm to about 1.5 mm thick. 

The degree of cure of the first layer must be such 
that the layer will not be removed during thermal de- 
velopment. Thus, the first layer may be fully cured or 
cross-linked. However, it may be desirable that the 
first layer is not completely cross-linked during cure, 
since adhesion between the first and second layers 
will be improved if the first layer was not fully cross- 
linked until after application of the relief fonning layer. 

The low content of volatiles In the second photo- 
sensitive layer is desirable to reduce emissions of 
these volatiles during thermal developnnent. The sec- 
ond photosensitive layer preferably contains less 
than 1.0%, more preferably less than 0.5%, and most 
preferably less than 0.1% by weight ethylenically un- 
saturated copolymerizabie molecules with molecular 
weights under 500. Limiting the anrwunt of other ma- 
terials which may volatilize during thermal develop- 
ment Is also advisable. Many photoinitiators can be 
found which will not volatilize during thermal develop- 
ment, and such compounds are preferred. Similarly, 
many dyes or pigments can be safely employed with- 
out increasing the emission of volatiles. Inorganic ad- 
ditives, antioxidants, antiozonants, and the like gen- 
erally will not volatilize during thermal development, 
but those that do should be used only in limited 
amounts or avoided entirely If possible. 

The substrate may be any flexible material in- 
cluding metal sheets, plastic films, open or closed 
celled foams, compressible rubber, or some combin- 
ation of the preceding materials. Plastics, especially 
polyesters such as polyethylene terephthalate (PET), 
are well suited for use as the flexible substrate. The 
substrate optionally nr^y be surface treated for better 
adhesion. One example of such a surface treatment 
is corona treating the surface followed by use of a pri- 
mer such as an aziridene functional material as dis- 
closed for example in U.S. Application Ser. No. 
08/189,075. The substrate may be 0.075 to 2 mm 
thick and Is preferably 0.1 to 1.5 mm thick. 

In one preferred embodiment, the cured, first 
photosensitive, elastomeric layer comprises 20 to 90, 
preferably 60 to 90, more preferably 75 to 85 parts by 
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weight thermoplastic elastomeric block copolymer; 3 
to 50, preferably 3 to 20. more preferably 5 to 1 5 parts 
by weight cross-linking agent; and 0.5 to 5.0, prefer- 
ably 1 to 2.5 parts by weight photoinitiator. The elas- 
tomeric block copolymer is preferably an A-B-A type 5 
block copolymer, where A is a noneiastomeric block, 
preferably a vinyl polymer and most preferably poly- 
styrene and B is an elastomeric block, preferably 
polybutadiene or poiyisoprene. The nonelastomer to 
elastomer ratio should be in the range of 10:90 to io 
36:65. Styrene-isoprene-styrene block copolymers 
are especially preferred. 

The cross-linking agent in this preferred embodi- 
ment should be an ethylenically unsaturated con> 
pound with at least one terminal ethylenic group. Su it- 15 
able compounds include multi-functional acrylates 
and methacrylates. The following compounds are il- 
lustrative of, but not an exhaustive list of, suitable 
cross-linking agents: ethylene glycol diacrylate, hex- 
anedid diacrylate, diethylene glycol diacrylate, gly- 20 
cerd diacrylate, trimethylol propane triacryiate, hex- 
anediol dimethacrylate, glycerol triacryiate, trimethy- 
lolpropane triacryiate, ethylene glycol dimethacry- 
late, 1,3-propanediol dimethacrylate, 1 ,2,4-butane- 
triol trimethacrytate, and 1,4-butanediol diacrylate. 25 
For a more exhaustive list of suitable compounds see 
U.S. Patent 4,400.459. A mixture of mono-functional 
and multi-functional acrylates or methacrylates may 
be used. However, If using such a mixture, it is desir- 
able to have an average of at least 1.3 acrylate groups 30 
per molecule of cross-linking agent. It Is preferable to 
have an average of at least 1.7 acrylate groups per 
molecule of cross-linking agent, and it is most prefer- 
able to have at least 2.1 acrylate groups per molecule 
of cross-linking agent 35 

The cross-linking agent may alternatively be an 
ethylenically unsaturated oligomer such as a polya- 
cryloyl oligomer. If an oligomer Is used, the amount of 
A-B-A type block copolymer should be from 20 to 80 
partsby weightandtheamountofoligomershould be 40 
15 to 50 parts by weight. The ethylenically unsaturat- 
ed oligomer may be used in combination with a lower 
molecular weight cross-linking agent If this combin- 
ation is used, the relative amounts of the block copo- 
lymer and the cross-linking agent may have to be ad- 45 
justed. Such an adjustment is important because the 
photosensitive composition cannot be so stiff or vis- 
cous that it is unprocessable, yet it must also not be 
so runny that It flows during storage. 

The photoinitiator is a compound which gener- so 
ates free radicals upon exposure to actinic radiation. 
Any of the known classes of photoinitiators, particu- 
larly free radical photoinitiators such as quinones, 
benzophenones, benzoin ethers, aryl ketones, perox- 
ides, biimidazoles, diaryliodoniums, triarylsulfoniums 55 
and phosphoniums, diazoniums, etc. Alternately, the 
photoinitiator may be a mixture of compounds, one of 
which provides the free radicals when caused to do 



so by a sensitizer activated by radiation. 

Additk)nal additives, such as colorants, process- 
ing aids, antkszonants, spectral sensitizers, and anti- 
oxidants, may be added if desired. Processing akte 
may be such things as low molecular weight polymers 
compatible with the elastomeric block copdymer, 
such as a low mdecular weight a-methylstyrene pdy- 
mer or copdymer, orfluorinated surfactants. Antiozo- 
nants include hydrocarbon waxes, norbornenes, and 
vegetable oils. Suitable antioxidants include alkylat- 
ed phends, alkylated bisphends, polymerized trime- 
thyldihydroqulnone, and dilauryf thk)propinodte. 

In this same preferred embodiment, the second 
photosensitive, elastomeric layer comprises 20 to 80, 
preferably 40 to 60, parts by weight of a thermoplastic 
elastomeric block copolymer. This block copdymer 
may be the same as was used in the cured first layer. 
The second photosensitive, elastomeric layer further 
comprises 15 to 60, preferably 35 to 45, parts by 
weight of an ethylenically unsaturated oligomer. Pre- 
ferably the oligomer is a polyacryloyi digomer with a 
molecular weight greater than 1000, more preferably 
the mdecular weight is greater than 2000, and most 
preferably the molecular weight of the oligomer is 
greater than 3000. The digomer should preferably be 
devolatilized so that less than 500, preferably less 
than 300, and most preferably less than 150 parts per 
million of residual monomer remain. This oligomer 
serves as the cross linking agent for the relief layer. 
An digomer is used rather than a low nndecular 
weight compound to enable thermal development of 
the flexographic printing plate without emission of 
toxic vdatiles that would be present in the unexposed 
regions if a lower molecular weight material is used. 
The ratb by weight of digomeric acrylate crosslinking 
agent to elastomeric block copdynner is preferably 
higher than is needed if a lower molecular weight 
cress-linking agent is used. The higher ratio Is needed 
to keep the viscosity of the relief plate low enough for 
effective thermal development Examples of suitable 
oligomers include polyacryloyi rubbers such as pdy- 
butadiene acrylates and pdylsoprene acrylates. 

This photosensitive curable relief layer further 
comprises 0.5 to 5.0, preferably 1 to 2.5, parts by 
weight of a photosensitive free radical initiator. 

As in the cured first elastomeric layer, the photo- 
sensitive curable relief layer may also contain proc- 
essing aids, antiozonants, antioxidants, and the like. 

In another preferred embodiment, the cured first 
layer comprises a photosensitive curable elastomeric 
pdyurethane. This polyurethane is the reaction prod- 
uct of (i) an organic diisooyanate, (ii) at least one chain 
extending agent having at least two free hydrogen 
groups capable of polymerizing with isocyanate 
groups and having at least one ethylenically unsatu- 
rated addition polymerizable group per molecule, and 
(lii) an organic polyol with a minimum molecular 
weight of 500 and at least two free hydrogen contain- 
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ing groups capable of polymerizing with Isocyanate 
groups. This first layer is cured by exposure to actinic 
radiation. A second photosensitive curable elastome- 
ric polyurethane layer is then extruded onto the cured 
first layer. This second photosensitive layer is the re- 5 
action product of (i) an organic diisocyanate, (ii) at 
least one chain extending agent having at least two 
free hydrogen groups capable of polymerizing with 
isocyanate groups and having at least one ethyleni- 
cally unsaturated additton polymerizable group per io 
molecule, and (iii) an organic polyol with a minimum 
molecular weight of 500 and at least two free hydro- 
gen containing groups capable of polymerizing with 
isocyanate groups. For a more complete discussion of 
these materials see U.S. Patent 5.015,556. Again 15 
processing aids, antiozonants, antioxidants and 
other desired additives may be used. 

Frequently, a pigment layer cap is desired on top 
of the photosensitive curable relief layer. This pigment 
layer should also be a photosensitive elastomeric 20 
composition. Frequently, the binder of the pigment 
layer is the same as or similar to the composition of 
the photosensitive relief layer with the addition of a 
pigment 

An antistatic layer added above the relief layer or 25 
the pigment layer may be used. This antistatic layer 
may comprise such materials as vanadium pentoxide. 
quaternary ammonium compounds or other materials 
or layers that can be removed during thermal devel- 
opment. 30 

A release layer may also be added on top of the 
relief layer to prevent the image bearing film used in 
imagewise exposing the flexographic plate from 
sticking to the flexographic plate. Release layers are 
preferably composed of polyamides or hydroxyalkyi 35 
cellulose as described in U.S. Application Ser. No. 
08/189,079. In addition, a protective cover layer may 
be used on top of the plate. This protective layer must 
be easily removable, because It Is removed prior to 
imagewise exposure of the flexographic printing 40 
plate. The cover layer or protective may be a variety 
of materials including plastic films (e.g., polyester) or 
polymer coated paper. 

The process of the present invention may further 
comprise image-wise exposure of the photosensitive 45 
curable layer of the flexographic printing plate to ac- 
tinic radiation, preferably ultraviolet radiation. The ex- 
posed plate may then be developed by contacting the 
exposed photosensitive layer to an absorbent surface 
at a temperature sufficient to cause the unexposed 50 
portions of the plate to melt and flow into the absor- 
bent surface. 

The resulting flexographic printing plate has a 
well defined image and good clean-out of the non-ir- 
radiated areas to leave a clean floor. A dean floor, ac- 55 
cording to the present invention, as compared to the 
floor produced on flexographic plates by means of 
backside curing from ultraviolet or e-beam radiation, 



is substantially snfHX>th without visible irregularities 
beyond a slight, consistent texture on the floor sur- 
face. The smooth fk)or is believed to result because 
the substitution of a preliminary curing step of the first 
layer for the traditional backf lashing method for set- 
ting the floor allows for an even or relatively constant 
degree of cure in planes In the first layer which are 
parallel to the plane of the substrate. Since the curing 
in these planes is generally uniform, the degree of 
cure of the floor layer at the interface between the 
floor layer and the non-irradiated portions of the sec- 
ond layer is more or less uniform. Cure may be meas- 
ured by such technk|ues as gel fraction or percentage 
swell in a good solvent for the uncured material. For 
example, THF (tetrahydrofuran) is known to be a 
good solvent for the S-l-S block copolymer. Thus, ma- 
terial is more evenly removed during thermal develop- 
ment yielding a smoother floor. 

Another unique feature of these plates which re- 
suits from the two step curing procedure is that the 
image bearing relief layer frequently has a degree of 
cure at the Interface with the floor layer which is dif- 
ferent from the degree of cure of said floor layer at 
said interface. 

Examples 

ExamplB 1 

A roll of 7 mil (0.18 mm) polyethylene terephtha- 
late (PET) (Layer A) was corona treated in air and 
coated with CX-100™, an aziridine functional com- 
pound In isopropyl alcohol from Polyvinyl Chemical, 
silane). A2 mil (0.05 nnm) dry adhesive layer (B) was 
laminated to the sut)strate. A 36 mil (0.91 mm) photo- 
sensith^e curable elastomer composition (C) was lam- 
inated to the adhesive layer. Layer C was then ex- 
posed to ultraviolet light for 30 seconds from the top 
and 30 seconds from the bottom through the sub- 
strate to fully cure the photopolymer. A 36 mil (0.91 
mm) photosensitive curable elastomer layer (D) was 
laminated to the cured polymer layer. A4 mil (0.1 mm) 
polyester film (G) was laminated with a release layer 
(F) and a pigment layer (E). This multilayer structure 
was then laminated to the above structure so that lay- 
ers D and E contacted each other. Layer composi- 
tions: 

A - aziridine coated PET. 

B- 80% (by weight) Kraton 1117"^ (styreneiso- 

prene-styrene (SIS) block copolymer from 

Shell Chemical Co.) 

1.6% Irgacure 651™ (acetophenone photoini- 
tiatorfrom Ciba-Geigy) 
8.4% Picotex 75™ (a-methylstyrene/vinyl tol- 
uene copolymer from Hercules) 
4.0% hexanedid diacrylate 
3.0% trimethylol propane triacrylate 
3.0% hexanedid dimethacrylate 
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C- 65.9% Kraton 1117™ 

24.4% polybutadiene diacrylate Poly BD- 
300™ (Atochem) 
1.2%lrgacure 651™ 

3.4% Picotex 75™ s 
3.4% Synlene 160™ hydrocarbon wax (C&C 
Petroleum 

1.0% antioxidant (Irganox 1076™ (Ciba- 
Geigy) and Cyanox LTDP™ (American Cyana- 
mid)) 10 
D - 65.9% Kraton 1117™ 

24.4% polybutadiene diacrylate 

1.2%lrgacure651™ 

3.4% Picotex 75™ 

3.4% Syntene 1 60™ hydrocarbon wax is 
1 .0% antioxidant (Irganox 1076™ and Cyanox 
LTDP™) 

E - 4% pigment in a binder layer with the compo- 
sition the same as layer D. 
F - hydroxypropyl cellulose 20 
G- PET 

Example 2 

The multi-layer flexible plates from Example 1 25 
were imagewlse exposed and developed as follows. 
Layer G was removed and a negative image bearing 
film was placed against the release layer F. To pro- 
duce reverse images on the plate, exposure to UV ra- 
diation was 3 minutes. To produce a bar code pattern, 30 
exposure to UV radiation was 9 minutes. For other 
patterns, exposure through a negative film occurred 
for 1 5 minutes. After exposure, the plates were devel- 
oped by contact with an absort>ent material at an ele- 
vated temperature. The absorbent material used was 35 
CEREX by Fiberweb America, Inc., a spunbonded ny- 
lon 6,6 non-woven material. Both the absorbent ma- 
terial and the image exposed plates were attached to 
heated transport elements. The element carrying the 
absorbent material was maintained at approximately 40 
1 75''C, while the temperature of the element carrying 
the flexographic plate was at about 60^*0. After 10 
contacts a flexographic printing plate exhibiting a 
clean, smooth floor with 36 mil (0.91 mm) relief and 
38 mil (0.97 mm) floor was obtained. 45 

Example 3 

A roll of 7 mil (0.18 mm) polyethylene terephtha- 
late (PET) (Layer A) film was corona treated In air and 50 
coated with CX-100™, an aziridine functional com- 
pound in isopropyl alcohol from Polyvinyl Chemical. 
The web was dried at about lOC'C to give a coating 
thickness of several hundred angstroms. Layer B was 
then blended and extruded from a twin screw extrud- 55 
er to produce a 35 mil (0.89 mm) coating of a photo- 
sensitive composition. This photosensitive layer B 
was cured by exposure to UV-radiatlon. Subsequent- 



ly, a second photosensitive composition (layerC) was 
extruded onto the cured layer B producing a 25 mil 
(0.63 mm) layer. The ingredients of layer B were in 
weight percent: 

80.3% SIS block copolymer 

10.0% ethoxylated bisphend A diacrylate 

7.4% poly(alphamethylstyrene/vlnyl toluene) 

0.5% antk)xidant 

1.3%lrgacure651™ 

0.5% hydrocarbon wax 
The composition of layer C in weight % was: 

55.3% SIS block copolymer 

35.0% polybutadiene diacrylate 

7.4% poly(alphamethylstyrene/vinyl toluene) 

0.5% antbxidant 

1.3%lrgacure 651™ 

0.5% hydrocarbon wax 
A 5 mil (.13 mm) polyester film (E) was coated 
with a 0.2% solutton of vanadium pentoxide. The va- 
nadium pentoxide solution was prepared from 0.1% 
vanadium pentoxide and 0.1% surfactant in de-ion- 
ized water. After drying, the coating weight was 15 
mg/m2. To the coated film E was added a coating (D) 
of a 10% polyamlde solution in n-propyl alcohol and 
toluene. A small amount of FC170 surfactant (3M) 
was added to adjust adhesion. The dried coating 
weight of the polyamide layer D was 0.1 9 mg/cm^. The 
multilayer sheet D-E was laminated to the multilayer 
sheet A-B-C such that layer D contacted layer C. The 
final multilayer structure was 67 mil (1.7 mm) thick. 

Example 4 

A 7 mil (0.18 mm) polyester film (A) was corona 
treated and primed with CX-100™. A28 mil (0.71 mm) 
curable polyurethane elastomer (B) was reaction ex- 
truded onto the primed film. This polyurethane was 
cured first by sin electron beam through the polyester 
and then by top exposure to ultraviolet radiation for 30 
seconds until cured. A second layer (C) of 27 mils 
(0.69 mm) of curable polyurethane elastomer was 
then laminated to layer B. 

An antistatic layer (E) was coated to a 4 mil (0.1 
mm) polyesterf llm (F). An additional radiation curable 
pigment layer (D) was added on top of layer E. This 
multilayer material was then laminated to the above 
flexible plate so that layers D and E contacted each 
other. 

The polyurethane layers C and D were of the 
same composition. To form these layers 62.5 parts by 
weight of a polyol stream was mixed with 37.5 parts 
of 4,4-bis(isocyanato cyclohexyl methane) in a twin 
screw extruder and extruded as a thin film. The polyol 
stream contained the following components (in parts 
by weight): 

286.1 parts of 1000 MW poly 1 ,2-(butylene ox- 
ide) diol 

32.8 parts of 1,4 butane dk)l 
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10.7 parts of 2-glyc8rol methacrytate 
1 0.6 parts of Irgacure 651 ™ (free radical initia- 
tor) 

0.1 part methylene blue 

0.06 part fenric chloride s 

0.26 part dibutyl tin dllaurate. 
The radiation curable pigmented layer D was pre- 
pared by combining the following materials in solu- 
tion: 

a. 300 parts of methyl ethyl ketone solution at io 
30% by weight solids of a methacrylate functional 
polyvinyl chloride copolymer; 

b. 300 parts of a methyl ethyl ketone solutk>n at 
30% by weight solids of a methacrylate functional 
potyurethane resin containing 36% by weight is 
hard segments consisting of 1,4-butane did, 1- 
glycerol methacrylate and 4,4-bislsocyanato cy- 
dohexyl methane; 

c. 3 parts of Irgacure 369^ (Ciba-Geigy) photoi- 
nitiator; 20 

d. 350 parts of methyl ethyl ketone solvent; 

e. 50 parts of a pigment dispersion consisting of 
10 parts of Sun-234™ magehta (Sun Chemical 
Co.) pigment, 10 parts of methacrylated PVC co- 
polymer solutk)n described in a. above and 30 25 
parts of methyl ethyl ketone solvent This disper- 
sion was prepared by sand milling this mixture 
until no particles larger than 10 microns were ap- 
parent. 

These materials were blended using a high speed 30 
mixer. The radiation curable pigment layer was then 
applied to the 4 mil (0.1 mm) polyester film in suffi- 
cient thickness so as to provide a coating whteh after 
oven drying had a weight of .54 mg/cm^. 

35 

Example 5 

The flexible plate produced in Example 4 was im- 
age exposed to ultraviolet radiatk)n through a nega- 
tive image bearing film after renrK>val of the 4 mil (0.1 40 
mm) polyester cover layer. Exposure times were 3 
minutes for reverse images and 9 minutes for all other 
images. Six thernnal development contacts were 
made at process temperatures of 175*'C/60°C (re- 
spectively for the elements carrying the absorbent 45 
material and the f lexographic plate). The f lexographic 
printing plate exhibited a very clean floor with 27 mil 
(0.69 mm) relief and 28 mil (0.71 mm) floor. 



Claims 

1 . A multllayered, flexible photosensitive plate conv 
prising 

A) a flexible substrate, 55 

B) a first photosensitive elastomer layer which 
has been cured by exposure to radiation, and 

C) a second photosensitive elastomeric layer 



at least 0.2 mm thk:k having no more than 1 % 
by weight ethylenically unsaturated copdy- 
merizable molecules with molecular weights 
less than 500. 

2. The plate of dalm 1 In whteh the first elastomer 
layer comprises 

A) 20 to 90 parts by weight thermoplastk: 
elastomeric ABA type block copolymer, where 
A is a vinyl polymer and B is an elastomer and 
the ratio of A:B is between 10:90 and 30:70. 

B) 3 to 50 parts by weight cross-linking agent 
having an average of more than 1.3 acrylate 
groups per molecule, and 

C) 0.5 to 5.0 parts by weight photoinitiator, 
and the uncured photosensitive layer comv 
prises 

X) 20 to 80 parts by weight thenmoplastic 
elastomeric ABA type block copolymer, 
Y) 15 to 50 parts by weight polyacryloyi cross- 
linking binder with a molecular weight greater 
than 1000, and 

Z) 0.5 to 5.0 parts by weight photoinitiator. 

3. The plate of daim 2 in which the polyacryloyi 
crossllnking binder contains less than 500 parts 
per million unreacted monomer. 

4. The plate of daim 1 in whteh the first and second 
photosenslth^e layers independently comprise 

A) the reaction product of 
i) a dilsocyanate 

1!) at least one chain extending agent hav- 
ing at least two free hydrogen groups ca- 
pable of polymerizing with Isocyanate 
groups, and having at least one ethyleni- 
cally unsaturated addition poiymerizable 
group per molecule, and 
ill) an organic pdyol having a molecular 
weight of at least 500 and containing at 
least two free hydrogen containing groups 
capable of polymerizing with Isocyanate 
groups per molecule, and 

B) a photoinitiator. 

5. A process for producing the multilayer, flexible 
photosensitive plate of daims 1, 2, 3, or 4 com- 
prising (i) applying the first photosensitive elasto- 
meric layer to the flexible substrate, (li) curing the 
first photosensitive elastomeric layer by expos- 
ure to actink: radiation, and (ill) following curing of 
the first layer, applying the second photosensi- 
tive elastomeric layer onto the first photosensi- 
tive layer. 

6. A process for producing a f lexographic printing 
plate from the multilayer, photosensitive plate of 
claims 1, 2, 3, or 4 comprising: 
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(I) Image-wise exposing the second photo- 
sensitive, elastomeric layer to ultraviolet radi- 
ation, and 

(ii) developing the printing plate by contacting 
the image-wise exposed photosensitive elas- s 
lomeric layer with an absorbent material at a 
temperature sufficient to enable unexposed 
portions of the photosensitive layer to flow 
into the absorbent layer. 

10 

7. A flexographic printing plate comprising a sub- 
strate, a floor layer In which the degree of cure is 
constant in a plane parallel to the substrate, and 
an Image bearing relief layer. 

15 

8. The flexographic printing plate of claim 7 wherein 
the image bearing relief layer has a degree of 
cure at the interface with the floor layer which is 
different from the degree of cure of said floor lay- 
er at said interface. 20 

9. The flexographic printing plate of claim 7 in which 
the floor layer comprises the cured product of the 
following reactants: 

A* 20 to 90 parts by weight thermoplastic 25 
elastomeric ABA type block copolymer, where 
A is a vinyl polymer and B is an elastomer and 
the ratio of A:B is between 10:90 and 30:70. 

B) 3 to 50 parts by weight cross-linking agent 
having an average of more than 1.3 acrylate 30 
groups per molecule, and 

C) ^ 0.5 to 5.0 parts by weight photolnitlator, 
and the image bearing relief layer oomprises 
the cured product of the following reactants: 

X) 20 to 80 parts by weight thennoplastlc 35 
elastomeric ABA type block copolymer, 
Y) 1 5 to 50 parts by weight pdyacryloyl cross- 
linking binder with a nrK)lecular weight greater 
than 1000, and 

Z) 0.5 to 5.0 parts by weight photolnitlator. 40 
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